Wazirpur industrial area of Delhi generates a huge quantity of sludge per day, which is highly acidic in nature (pH 2.7 to 4.4) and contains macronutrients, micronutrients as well as toxic metals. A pot-culture experiment was conducted by taking the two soils (JNU and Chhattarpur) amended with sludge (0%, 10%, 20%, 30%), pretreated with lime (0%, 0.5% and 1%). Two wheat seedlings were planted per pot containing 3 kg sludge amended or control soil and the experiment was carried out till harvesting (four months) in a glass house. Lime treatments enhanced the N content in wheat plant in almost all cases. Sludge and lime treatments enhanced dry weight in wheat plants grown in Chhattarpur soil and dry weight increased with time. Maximum growth was observed in 0.5 lime treated and 20% sludge amended soils. But we have to take an account about any kind of metal toxicity before disposal of this waste to land.
Introduction
Like many countries in South Asia, India is regarded as an agricultural country. Indian agricultural soils have been used extensively for crop production for extended period of time and are usually low in soil organic matter and essential plant nutrients for crop. Addition of chemical fertilizers is most commonly used, which increased the cost of crops. To reduce such expenditure and to manage the soil quality of land, sludge application (which is considered an organic fertilizer) is an alternative source of plant nutrients for crops.
Land application of industrial sludge is an option for safe and economic methods for waste disposal. The application of urban industrial sludge mixed with sewage sludge to agricultural soil is generally most economic outlet for waste disposal, in this way it is possible to recycled the plant nutrients such as N, P and organic matter and many more macro and micro nutrients. On the other hand it can affect the soil fertility, food safety and natural ecosystem in general. Many researches have been carried out on the effect of applying sewage to agricultural soil as regards both the potential effects due to sewage toxic components [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Sewage sludge provides labile organic matter in sufficient quantities to stimulate soil microorganisms. This kind of organic residue improves the soil physical characteristics: increasing soil's water holding capacity and percentage of stable aggregates and enhanced the nutritional quality of soils [12] . It can improve the physical properties of soils [13] by increasing soil porosity, and the stability of soil aggregation [14] . So, sludge can be used as soil fertilizer provided that pretreatments have done for its metal contents. Liming to soil offers a mean of minimizing the risk of food chain contamination by reducing the plant uptake of sludgeborn heavy metals [15] [16] [17] . Urban sludge application on land increased the dry matter yield of maize over control [18] . According to several studies the effectiveness of liming varies depending on the soil, metal, pH value of the limed soils and crop species [19, 20] . Matula and Pechová [21] studied that application of lime in lower pH value increased nitrification in soil. Nitrogen supply in plants mainly depends on soil available nitrogen so before cultivation it is necessary to estimate N release from mineralization. In a field experiment the shoot dry weight of lowland rice (Oryza sativa L.) increased with the increase in shoot N uptake up to flowering stage of plant growth. At harvest, N uptake in the shoot decreased due to translocation to the grain.
The aim of the present study is to investigate the behavior of sludge amended soil in respect to available nitrogen in soils and response of wheat plants in context of root shoot length, dry weight and nitrogen content in it. The industrial sludge, which was used for the experiment, was acidic in nature, so that, sludge was treated with different dosages of lime and then the sludge was mixed with soils collected from two different parts of Delhi. A pot culture experiment was conducted in a glass house to see the response of wheat plants grown in lime treated or untreated industrial sludge amended soils.
Material and Methods

Samples Collection
Samples were collected from different location of of Wazirpur industrial area, Delhi (Figure 1) for each season (summer, monsoon and winter) from road-side dumps by following the standard methods. Soil samples were collected from 5 different spots from JNU as well as from Chhattarpur and were homogenized separately. Soil sampling was done once during the study period. Soon after the collection of sludge and soils, the pH Electrical Conductivity (EC), Water Holding Capacity (WHC) and Moisture Content (MC) were measured [22] and remaining samples were kept for drying. Then airdried sludge samples were grinded and pass through 2 mm sieve and homogenized to make a representative sample. Soil samples were also processed by following the same methods.
Preparation for Glass House Experiment
The homogenized sludges were treated with three different dosages of lime (0%, 0.5% and 1%) separately. Then the lime treated and untreated sludges were mixed with two soils (Chhattarpur and JNU) separately at the rate of 0%, 10% 20% and 30% (dry weight basis). Then the sludge amended and control soils were put in new earthen pots (3 kg/pot).
The wheat grains (HD1553) were collected from National Seed Corporation (NSC), Pusa, New Delhi. The plants were grown in two trays with two different soils. Two wheat seedlings of 10 days old were transferred per pots containing 3 kg sludge amended soil or control soil. Copyright © 2012 SciRes.
OJSS
Distilled water was given to plants to maintained 50% moisture of WHC in sludge amended and control soils throughout the experiment. Whole experiment was carried out in a glass house maintaining the temperature at 20˚C -30˚C. The experiment was performed with three replicates and was continued from January to April 2004.
Collection and Preservation of Soil and Plant Samples
Plants and soils samples were taken out from the pots in different stages of plant growth, viz. planting, tillering, flowering, grain formation and harvesting respectively. At each harvest plants were removed carefully and washed first with tap water followed by de-ionized water. Root and shoot were separated and lengths were measured. Then folded it in brown paper and kept in oven at 80˚C for 48 hrs. After drying root and shoot weights were taken separately. Wheat grains were also measured after harvesting stage of wheat plant growth. The soil samples were air-dried at ambient room temperature, and passed through 2 mm sieve for chemical analysis. The available (mineralizable) nitrogen analyzed by following Subbian and Asija [23] method. The soil samples were stored in an airtight polythene bags and kept at 4˚C to prevent any kind of microbial degradation. The total nitrogen of plant samples was analyzed through acid digestion followed by Kjeldahl method [24] . The parameters were carried out in triplicate for better results.
Data Analysis
In the present study, the plant total nitrogen and soil available (mineralizable) nitrogen (amended with different proportion of lime treated sludge) were monitored on five growth stages of plants (days). Similarly, plant's nitrogen was also monitored on four growth stages of plants. These parameters were studied for root and shoot separately. Each set of data was arranged to accomplish two sets of 2-factor ANOVA as follows: 1) Keeping sludge treatment constant, growth period and lime treatment were taken as two factors.
2) Keeping lime treatment constant, growth period and sludge amendment were taken as two factors.
Results and Discussion
Available (Mineralizable) Nitrogen in Soils
The available nitrogen of Chhattarpur control soil (49 ± 2.9 ppm) was higher than JNU control soil (42 ± 2.2 ppm). Sludge application increased the available nitrogen in both soils. Sludge amendment enhanced the available nitrogen in alkaline soil than acidic soil [25] . Lime treatment (0.5%) decreased the available nitrogen in Chhattarpur soil, whereas 1% lime application enhanced the available nitrogen in sludge amended Chhattarpur soil. In JNU soil lime treatment gradually and slowly increased and got stabilized the available nitrogen concentration in sludge amended JNU soil, in most of the cases. ANOVA results show the variation in available nitrogen, were highly significant. With the successive stages of plant growth the changes in available (mineralizable) nitrogen in soils were also highly significant. It is clear that higher amount of lime application had neutralized the acidity of amended soil. Hence, there was an increase amount of available nitrogen in those soils. Lime treatment gradually, but slowly increased (or stabilized in some cases) the available (mineralizable) nitrogen concentration in waste amended JNU soil. Both mineralization and immobilization take place simultaneously and may not be quantified separately. Gaseous N loss would also depend on pH and temperature regimes of soil. The pH inhibits mineralization only at the levels whose pH is below 5 and higher than 8. Nitrogen mineralization dynamics are predominantly determined by the soil properties such as total C, total N, soil texture and water holdidg capacity [26] . A sufficiently long latent time (8 weeks) was needed for tolerant microorganisms to release or to start nitrogen minerilazation. The nitrogen mineralization was positive in the presence of metals in most of the cases [27] .
Figures 2 and 3 showing that available (mineralizable) nitrogen in soils increased till flowering stage and the gradually decreased with the successive stages of wheat plant growth which indicated that the rate of release of available (mineralizable) N was higher than the uptake or immobilization on nitrogen in waste amended soil till flowering stage of wheat plant growth. The changes in available (mineralizable) nitrogen were significant with lime treatments, sludge amendment as well as with growth periods (P < 0.05).
Dry Weight of Wheat Plant's Root-Shoot-Grain
Sludge amendments increased plant growth significantly as compared to the control soil and the growth was higher in the plant grown in Chhattarpur pure soil than JNU soil. Lime amendment showed a positive effect on plant growth at each sludge amendment, which is likely due to neutralizing pH, reducing the availability of heavy metals. The dry wt. of crops increased with increasing soil pH [4] which was also observed in the present study. The control soils were alkaline in nature viz. pH of Chhattarpur soil was 8.66 and JNU soil was 8.37 whereas, the sludge was very acidic (pH 3.05) in nature [17, 28] . The dry weights of harvested grains were higher in wheat plants grown in JNU soil than Chhattarpur soil. Sludge application increased the dry weight of grains in all cases.
Lime treatment increased the dry weight of grain. The changes in shoot dry weight were significant with lime treatments, sludge amendment as well as with growth periods (P < 0.05). (Table 1) The changes in root dry weight were significant with lime treatments as well as with growth periods while these were insignificant with sludge amendment (P < 0.05).
Lengths of Wheat Plant's Root-Shoot
The length of wheat plant's shoot was higher in plants grown in JNU control soil than Chhattarpur control soil ( Table 2 ). 10% sludge application reduced the shoot length as compared with control one. But 20% and 30% sludge application increased the shoot length. The changes in root-shoot length were almost insignificant with lime treatments, sludge amendment as well as with growth periods (P < 0.05). Lime treatment increased the shoot length slightly. Length of wheat plant's root increased with increasing percent of sludge (10% and 20%) but decreased at 30% sludge amendment, which showed that application of sludge had some, limiting factors, which prevents the growth of plants. Lime treatments increased the root length. Over the time (i.e. stages of plant growth) the root length increased significantly.
Total Nitrogen in Wheat Plant
The total nitrogen in wheat plant's shoot and root were 0.44% ± 0.02% and 0.15% ± 0% of dry weight at the day of plantation respectively. The nitrogen concentration in wheat plant's shoot increased with the successive stages of plants growths in most of the cases. It was observed that the available nitrogen in sludge amended soil decreased during grain formation to harvesting, which may be due to higher uptake of nitrogen in wheat plants (Figures 2, 3) . Sludge application (20% and 30%) decreased the N content in wheat plants, which might be due to toxic effects of heavy metals. But, the total nitrogen increased in wheat plants shoots grown in 10% sludge amended Chhattarpur soil. The changes in total nitrogen in wheat shoot were almost insignificant with lime treatments, sludge amendment as well as growth periods (P < 0.05). The changes in total nitrogen in wheat root were largely significant with lime treatments as well as sludge amendment while insignificant with growth periods (P < 0.05). The sludge contained higher concentration of heavy metals, which caused the stress of nutrients to the plants [17, 28, 29] . Sludge application in Chhattarpur soil enhanced the total nitrogen in wheat plant's root, except 30% sludge amended Chhattarpur soil (Figure 4) . The nitrogen content of root in wheat plants grown in sludge amended JNU soil increased than control soils ( Figure  5) .
wheat plants at harvesting stage. The nitrogen concentration in wheat grains increased in the plants grown in 10% sludge amended soil, but it decreased in other sludge amendments (20% and 30%). Lime treatment did not make any significant changes in grain nitrogen concentration. The nitrogen in shoot was always >80% of the total nitrogen concentration in wheat plants in all cases At harvesting stage the nitrogen was almost 90% in above ground part of wheat plants as compared to the total nitrogen concentration in plants (Figure 6 ).
Lime treatment did not make any significant changes in nitrogen content in wheat plant's shoots. The total nitrogen in root increased till grain formation stage, after that reduced slightly. The available nitrogen in sludge amended soil had decreased continuously from grain formation to harvesting stage, where nitrogen concentrations in root increased in grain formation stage and slightly decreased in harvesting stage (Figure 6) . At harvesting stage the uptake of available nitrogen may be same or more but the nitrogen were used in grain maturation. So, there was a slight decrease of total nitrogen in
Conclusion
Available nitrogen in both the soils increased with sludge addition and lime treatment. Wheat plants observed increase in plant biomass as well as grain yields with the both sludge and lime amendments except 30% sludge amendment. The nitrogen content in both root and shoot increased with 10% sludge amendment but continuously decreased with other amendments i.e., 20% and 30% sludge amendments. Total nitrogen in root increased till grain formation and onward decreased which indicated that during grain filling and maturation the nitrogen content was utilized by upper part of the wheat plants. Available nitrogen was also continuously decreased during grain formation and harvesting stage. At harvesting stage the total nitrogen in shoot was 90% of the whole plant nitrogen. So, from this study, it seems that 20% sludge can be disposed off the land after 0.5 lime treatment. But, before make any final suggestion the heavy metal content in the consumable part of the wheat plant should be taken into an account pursued by field trial by following USEPA land application of sewage sludge [30] .
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The ANOVA results showed that there was no significant variation with shoot length with lime treatments but significant with waste treatments with growth periods (Tables 3-4). There were significant variations of root length with growth periods vs. lime treatments ( Tables 5-6 ).
There were significant variations in shoot and root dry weight with lime treatment as well as waste treatments with time (Tables 7-10 ). 
